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INTRODUCTION

We have the firm conviction that children who have learning difficulties

can, nevertheless, become involved in every strand of CSMP with some

supplementary help. Our experience with such children leads us to rec-

ommend small group activities on a weekly or bi-weekly basis, in addi-

tion to the regular class period. In order to adapt materials for these

children, we have worked with two or three groups from each of our two

development classes, four students to a group, for one half-hour each

week. The children have looked forward to these special sessions and

have shown much progress, both in the-small groups and in the regular

class. We believe it is a very positive situation. We understand, how-

ever, that implementation of this suggestion will depend on a great many
c-r

variables relative to each individual teacher. So we stress that this is

not a rigid requirement, but a recommendation which can be followed in

the way that works best in a particular situation.

It is our observation that children who are generally classified as " slow

learners "° are, in many cases, children who have had unhappy experi-

ences with learning (in general, or in a specific area) and who have made

a personal decision that they are unable to learn. Quite often we find that

these children are also quite creative and, consequently do not easily fit

into the pattern of behavior which we may have in our minds for them, nor

achieve well in such a pattern.

0We feel this is not the most appropriate term; furthermore, we do not
like its negative connotations, and in fact we do not ever like,to label
people. However, being in'the unhappy position of needing to find some
method of defining a particular group of children in order.to talk about
them at all, we relunctantly use this terminology.

1
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Others among them may have great difficulty in focusing on a particular

situation, being very easily distracted. They often seem to be subject to

an inner turmoil which keeps them from being able to relax and'deal with

the situation at hand. This is why we work with them in a small, closed

rOCHTI. In addition, these children may have widely varying temperaments
and abilities to concentrate and to relate to other peoPle and to the situa-

tion On any two specific days. With this in mind, we suggest that it is
important to consider which children have temperainents that are comple-
mentary, rather than too similar, when deriding the makeup of a particular

group.

As we have worked within the traditional classroom format and simultane-

ously with small groups of slow learners, we have been evolving and clari-
fying a pedagogy for the children who have difficulty in learning by the
traditional thethods and who are frequently "lost by the wayside". It is

our premise that they need not be lost to mathematics and our experiences

in the small groups reinforce this belief.

This pedagogy is firmly grounded in our three specific goals whiCh are to

inspire in these students an enthusiasm for mathematics (that
which is not form, but spirit ) and a curiosity about numbers

and mathematical processes.
enrich their notion of numbers.
give them a chance to make their own discoveries about num-

bers.

While striving to accomplish these goals, we have made some observa-

tions which we believe are generally true.
1) Such students are at a distinct disa'dvantage in the regular

classroom situation because its rather rigid structure is, for most of

2

7



them, the same as a cage is f ,r any creature accustomed to an environ-
,

rnent with much sNace and freedom of movement.
2) Many of these children are most at home in their bodies, not

in their minds, and their natural mode of communication is more likely to

be oral and physical than verbal. Thus., paper and pencil exercises hold

almost no appeal, give slight motivation and command very little attention.

Games, on the other hand, not only have a great deal of appeal for most

children but allow oral and tactile responses, as well as movement around

the room. They involve these students with the material to,be learned in

the ways which are most natural to them and which help develop their

understaading and increase their ability to concentrate. It is for these

reasons that we chose games as our usual modu8 operandi in the small

groups.

3) SI Ow learners need a strong support for their numerical think.1

ing, and our experience at the Present time leads us to the conclusion that

the Papy Minicomputer° is the best pedagogical aid we have seen for pro-

viding such support. Our observation of the children clearly indicates

that they happily accept it as a friend and an ally in their endeavor to ex-

pand their knowledge of numbers. Because it is, by its very nature, both

a game which allows them freedom and physical involvement and a creative

and open situation which is always inviting to children; they almost invari-

ably respond positively to the activities which make use of it.

It is equally clear that for those who have learning difficulties, the procets

of becoming fluent in the mathematical language of the Minicomputer is a

very slow one one which requires a great deal of patience on the part of

the teacher, as well as a strong foundation of faith (in both her or his

ability to teach and the students' ability to learn) and the forbearance to

wait several months to evaluate the learning which has taken place.

°Readers unfamiliar with the Minicomputer are referred to the Appendix-

to Chapter 2 on page 58.



4) Slersi; learners often need appealing tools which can substitute

for paper and pencil and which will hold their attention. In our work, we.

have made essential use of the hand-calculator and would like to expand on
the observations weNhave made as we used it with the students and the

reasons we are now convinced of its value.

We cannot overemphasize our Conviction that paper and pencil should be .

considered " off limits ", " illegal", and "verboten" in the work which is
done with slow learners in the small groups. For many such children, a

most dramatic symbol of their failure resides in these two objects. We

want them to be free of such symbolization in order to explore their poten-

tial to understand mathematics with new eyes. Therefore, our first reason
for using the hand-calculator is to give them a substitute for paper and pen-
cil, one which still will allow them to record the mathematical calcula-

tions as they occur. Since the calculator makes it possible for them to
do this individually, the group is not limited to one oral response to a

question or a calculation. Rather, each child can respond at his or her

own speed. The teacher can silently check each display, giving those who

need more time a better opportunity to make individual discoveries.

A second reason for using the hand-calculator is its attractiveness to the

students. Because it is so fascinating to them, it serves as a motivation

and as an aid in developing their ability to concentrate as they use it from

week to week. BeCause,it is clearly a tool used by adults and by those who

are more advanced in mathematics, it gives them the strong psychological

message that, instead of being looked upon as babies, they are considered

mature enough to understand and manipulate such a marvelous even magi-

cal object.

Perhaps the most effective, as well as the most interesting way of expand-

ing on these ideas is to introduce the garnet; and activities which we

10



developed with the children, using actual examples from these special

sessions and examples which. are of the same type as those which were

used, though not the identical material. This will allow ydu. to immerse

yourself in the situation and give you a more complete idea of hoW and

why the games fostered mathematical growth in the children and gave

them pleasure in the process.

cf-



HOW TO UST THIS BOOK

The descriptions of garnes and activities in this book will differ somewhat.
from other teacher guides because they are intended to give both i partial
account of our experiences in small group seisions and our suggestions to
the teacher on how to proceed with an activity. We feel that the inclusion
of our observations within an activity description will give the teacher a
better idea of its potential for his, or her small group sessions. Since our

sessions were always with four children present, activities are described
as if four students will participate. Most activities, however, may be used

successfully with three, fouror five students.

To insure and facilitate communication of the ide.as and materials 4ich
a

were conceived or adapted for the small groups during the 1975- 76 school

year, it was, of course, necessary to establish an order of presentation
for " Math Play Therapy ". However, the order we have chosen for
thebook is in no way intended as an inflexible order to which a teacher

must accede when using the material. In fact, we have not used that order

ourselves in the tentative schedule at the end of this section, but have in-
stead liberally mixed activities and games from all three chapters.

The tentative schedule is itself inCluded simply to help anyone who might

feel inexperienced and want additional help in structuring the year'i work.
e believe the individual teacher is the best judge of the children and the

situation, and is, therefore, the person to make final decisions about what.

materials to use, and how and when to use them. He or she will be alert

to the students' responses to specific activities and can adjust the mater-
ials or schedule accordingly. If you feel something is too difficult, not
challenging enough or in some way ill-suited, we hope that you will not

Oksitate to adapt or eliminate it, whichever seems best.

6
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Activities in Section 1.2, Let's Concentrate, are not included in the

suggested schedule because they are warm-up exercises. We are

suggesting only a main activity for each day and leave the selection of

short warm-up activities to your discretion. Eventually, other activi-

ties in the same spirit as Let's Concentrate may be added, such as

decoding of numbers on the Minicomputer to the hand-calculator display.

SUGGESTED SCHEDULE

We recommend that you schedule at least one supplementary session a,

week,''iiid more when it is possible. For this reason we have included

a 42 - session schedule for small groups. If you are able to meet with

your students only once a week, simply follow the schedule as far as

time allows, saving the rmaining sessions to be used the following year.

S\ession Section Number

1 1. 1 Activity #1

2 3. 1 Who Is Flip?

3 1. 1 Activity #1

4 3. 2 Who Is Kick?

5 1. 1 Activity #2

6 3. 3 Who Is Krack?

7 1. 1 Activity #2

8 2. 1 Minicomputer Tug-of-War

9 3. 4 Who Is Zot?

10 2. 1 Minicomputer Tug-of-War

11 1. 1 Activity '13

12 1. 5 Who Is Kwa?

1



Session Sectim Ntimber

13 2.1 Minicomputer Tug-of-War

14 1.1 Activity #3

15 3.6 Who Is Kong?

16 2.1 Minicomputer Tug-of-War

17 3.7 Who Is Nim?
,

18 2.2 Minicomputer Golf

19 2.2 Minicomputer Golf

20 3.8 Who Is Tack?

21 2.1 Minicomputer Tug-of-War

22 2.2 Minicomputer Golf

23 3.9 Who Is Kim?

24 2.2 Minicomputer Golf

25 3.10 Who Is Pim?

26 2.2 Minicomputer Golf

27 3.11 Who Is Xan?

28 2.1 Minicomputer Tug-of-War

29 2.2 Minicomputer Golf

30 3;12 Who Is Gluck?

31 2.1 Minicomputer Mg-of-War

32 3.13 Who Is Tom?

33 2.2 Minicomputer Golf

34 3.14 WhO Is Nock?

35 2.1 Minicomputer Tug-of-War

36 3.15 Who Is Jig?

37 2.2 Minicomputer Golf

38 3.16 Who Is Jag?
.._

39 2.1 Minicomputer Tug-of-War

40 3.17 Who Is Jug?

41 2.2 Minicomputer Golf

42 3.18 Who Are Ko and Ku?
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1
HAND-CALCULATOR

The activities described in this chapter use only the hand-calculator°, un-

like those in Chapters 2 and 3 which include other tools and languageb.

We had three goals in mind when developing and using these activities.

1) To give students a simple situation in which they can explore
and attain some familiarity with the hand-calculator alone be-

fore being asked to vse it in combination with other tools and

languages.
2) To allow children time for free play in open situations where'

there are no wrong mbves, in order to help them build confi-

dence in themselves and in the hand-calculator.
3) To lay the groundwork for two Minicomputer games by using'

hand-calculator activities which are, in some sense, easier
versions of those games.

Before any activity was initiated using the hand-calculator, the children' ,

were allowed to experiment with it on their own not only on the first day,

but usually for a few moments at the beginning of any session when it Was

used. Since we are in agreement with those educators who hold that play

is an essential part of children's work and one of the primary ways in

which they develop their understanding of new ideas and materials, we

found this a very valuable first step in using hand-calculators. Given the

nature of most children, it probably is a first step which they would have

introduced, even if we had not!

°For the following activities (and descriptions of them) to have any meaning,

it is imperative that your hand-calculator have these two features: a) algebraic

logic ( response to instructions given in the order they are usually written):

pressing

pressing
El
II

L-11

El

and El puts 4 on the disPlay; and b) constant mode :
000 and D puts 13 on the display.

9



1. 1 Let's Play With Big Numbers

All of the following three activities involve large numbers because the

students like the challenge of playing with them. Their self-eoncept is
enhanced when they are given an opportunity to do so in a situation which

is both open and simple enough that they can be successful (i.e., one

which uses only addition and subtraction): The hand-calculators are 'es-

sential for these games because they give the students a needed tool for

calculating with large numbers.

The first game is obviously a very free situation which allows the children

an opportunity to explore large numbers without the fear of making a

"wrong move ". It is our belief that some such free exploration is gener-
ally necessary in order for a child to make personal discoveries about

numbers, and that such personal discoveries are the springboard to a
deep fascination with numbers and the whole area of mathematical thinking.

In the second game there is still great freedom, but some limitations have

been introduced to encourage the children to begin developing simple

strategies.

Another expansion of skill is encouraged in the third activity by requiring

the students to learn hbw to (approximately ) place large numbers on the

number line.

There is no strict period of time or order for these games. Any teacher

choosing to use these activities will have to be sensitive to the children
and to the situation in order to decide what game is most appropriate on

a particular day, and when each game has outlived its usefulness.

10 16.



Activity #1:

Give each student a hand-calculator.

T: -Let's start at 237. Everyone put 237 on the display. Now we will

play together in this way : you take turns choosing for us either

or El 'some numbed ; we all push the chosen

keys and Ei ; and we examine the display. We are trying to

reach 1, 000 and,the first student to make us hit our target is the

winner.

ga some number

Example :
Display

First player : + 50 [287 ]

Second player : + 287 [574 ]

Third player : + 300 [874 ]

Fourth player : + 300 [1, 174 ]

This example is from a game played in one of our small groups. At this

point the first player hesitated for a long time. He concentrated deeply

and mumbled, "I can't figure it out, I can't figure" ; then slowly he an-

nounced " - 174", and was overjoyed when he read "1, 000" or,the dise

play. This particular student is completely withdrawn in the classroom,

is rarely successful in a collective lesson and is often laughed at by his

classmates.

In our sessions, this game was played many times, with starting numbers

generally between 100 and 400 and targets of 1, 000, 2, 000 or 3, 000. The

teacher never reacted during these games ; She never praised or disap-

proved of any move. She deliberately chose to leave the students free to

make their own experiments with the big numbers they hadn't yet mastered.

Lill. 1 kay
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Adtivity #2

T: Let's start with 123. Everyone put l'e.3 on the display. The target

will again be'', 000. You will take turns choosing

Or some number

some number

, 'out this time you are working together to

reach 1, 000 in as few steps as yossible.

Example :
Display

First player : + 56 ,[ 179]

Second player : + 9, 000 [9,179]
Third player : - 300 [8,879]
Fourth player : - 7, 879 [ 1, 000]

T: Your score is four. Play again and try to improve it. Put 123 on

the display.

First player :
Second player :

Third player :

Fourth player :

+ 789

+ 83

+ 6

Display

[ 912]

[ 995]

[ 1, 001]

[ 1, 000]

T: Your score is four again. Play once more. Put 123 on the display.

Display

First player : + 600 [ 723]

Second player : + 23 [ 746 ]

Third player : + 385 [ 1, 131]

Fourth player : - 131 [ 1, OGO]

12



T: Your score is still four. Now each of you will play alone while the

rest of us watch and record the results on our hand-calculators.

Each time we start with 123 on the dis,,lay.

First player : + 456

+ 200

+ 389

- 168

Display

[579]
[779]
[1,168]
[ 1, 000 ]

Display

Second player : + 1, 000 [1,123]

Score: 4

- 123 [ 1, 000 ] Score: 2

Third player + 900 [1, 023]

- 23 [ 1, 000 ] Score: 2

Display

Fourth player : + 900 [1, 023]

- 50 [ 973]

+ 50 [1,023]
- 23 [1,000] Score: 4

The above example is an account of what occurred in.one of our sessions.

The fourth player was unable to give a bettez solution than with two steps,

but he plays so as not to copy the third player. With another group of stu-

dents, a similar activity (from 123 to 2, 000 ) gave the following results.

1 k



Display

First player : + 1, 000 [ 1, 123]

+ 1, 300 [2,423]
- 423 [ 2, 000 ] Score 3

Display

Second player : + 30 [ 153]

+ 10 [ 163]

+ 40 [ 2031

+ 97 [ 300]

+ 100 [ 400]

+ 600 [1,000 ]

+ 1, 000 [2,000] Score : 7

A very methodical player!

Display

Third player : + 50 [ 173 ]

+ 173 [ 346]

+ 600 [ 946]

+ 1, 000 [ 1, 946 ]

+ 70 [2,016]
- 10 [ 2, 006 ]

- 6 [ 2, 000 ] Score 7

Display

Fourth player : + 923 [ 1, 046 ]

+ 1, 046 [ 2, 092 ]

- 92 [ 2, 000] Score : 3

14
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The first player asked to play again and reached the target in tyro steps :

Display

First player : + 2,000 [ 2, 123 ]

- 123 [ 2, 000]

One week later, we worked on a similar problem (456 to 1, 000). In one

group where the players had previously solved the'problems with scores

varying from five to nine, one student claimed that he could reach the

target in two steps and he played:

- 456
+ 1,1)00

Display

[0]
[ 1, 000 ]

Immediately afterwards, the same_etudentannounced that-he could-s-olve

the problem in one step. After two tries he succeeded [+544)

The free play in Activity #1 laid the groundwork for Activity #2 which is

more structured and problem-solving oriented. The challenge and the

joy of working with big numbers stimulated the 5tudents to the point that

some of them found ingenious strategies for solving a problem in two

steps. We believe that these activities gave some of the students their

first chance to make a real discovery in mathematics. It was a turning

point in their-perception of what is an intellectual activity and in their

desire to be involved in subsequent lessons.

wir
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Activity #3:

Divide the group of students into two teams (A and B ) and draw this num-

ber line on the board.

T: The students on team A will start from 167 arid the students on

team B from 835.

A student from each tearn has to point to the approximate location of his
or her number"on the number line.

T: The students on team A can choose only

the students on team B some number

some number , and
. Again you take turns.

The first team to meet the other team or to pass it will be the

LOSING team.

16
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Draw on the board :

100

200
167

300

400

500

600

äo
835

Team B

700

Zach time a student plays, he or she has to mark the approximate loca-

tion of the team's new number on the number line. (It would be helpful to

'have the teams use different colors to locate their numbers, say Team A:

red and Team B: blue. )

Example of a game:

Team A: + 67

Team B: - 40
Team A: + 70

Team B: - zba

Team A: + 20

Team B: - 40

23

Display

[234]
[795]
[304]
[595]

)
ig!) [ 324]

[555]



Display
Team A: + 100 [424]
Team B: - 55 [500]
Team A: + 60 [484]
Team B: - 10 [490]
Team A: + 5 [ 489]

Since these students do not, atthis point, have a working knowledge of the
non-integer decimal numbers, they most likely will conclude that team B
has lost. ,

This game should be played several times.

1. 2 Let's Concentrate

The following activities involving the hand-calculator are in the same form
as those which were used with the small groups during our experiments-
tion, although they may not be precise examples of the actual games played.
They are presented here not as "the way to proceed", but rather in the
spirit of sharing an idea which seems rich in possibilities ; one which we
hope will encourage experimentation on the part of individual teachers and
faster growth for their particular students.

While writing the activities, these short-term goals were kept in mind:

To help the students develop the ability to concentrate with some
intensity for a short period of time.
To familiarize the students with the use of the hand-calculator in
executing the four basic operations.
To present an open activity which encourages a child's



creativity in using numbers by allowing him or her to choose

any one of many possible ways td get from one ntimber to

another.

It should be stressed that there irs no rigid schedule for the use of these

exercises. Itire teacher is urged to be completely free in usilig them.

We believe that the more variety a teacher introduces into these activi-

ties, the better the results will be. If one seems inappropriate or faile

to generate a response-in the students that day, ydu may either switch

to a different choice of numbers and operations or discontinue the activity

for that session. In all cases, it is recommended that these activitieS be

used as short warm-up exercises for no more than five to ten minutes at

the beginning of a session.

) For all of these activities, each student is given a hand-calculator. The

teacher gives the instructions slowly and distinctly..

Activity #1:

T: We will start from 0. Check that 0 is on the display.

Press a a El
2

Hide the disPlay (with a small piece of paper or with your hand ).

Press [I]
What number should be on the display? [ Answer : 13]

Look to see if it's correct. You may,continue to look at the display

for the moment.
Press EllJEJEJ
What number is on the display? [ Answer : 25]

What do you notice? [Answer : it's counting by threes.]

Again press

19 9 ti



W hat nu ber is on the display? Answer : 341

Hide the display again.
Press El
What number should be on the display? [ Answer : 401

Lopk to see if it's correct, then hide the display again.
Press ELHJEJ
What number should be on the display.? [ Answer: 521
Look to see if it's correct. You may look at the display this time.
Press
What number is on the display? [ AnsWer : 8-2]

What do you notice? [ Answer : it's counting by tens I
Hide the display again.
Press
What number should be on the display? [ Answer : 1021

Look to see if it's correct and then hide the disPlay again.
Press .0 El
What number should be on the display? [ Answer : 1321

Look to see if it's correct. You may look at the display now. Do
anything yuu wish, but try to end with 100 on the display.

After a while, the teacher asks the students to explain how they went from
132 to 100 and encourages them to give several answers. Fo- r instance,

and so on.

II
0

Ei jJ . . . until they get 100.

C10E1E00
El I II II 0
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T: Check that 0,is on the display, then hide the display.

El ci 0
What number shotild be on the'display? [Answer : 19]

Lodk to see if it's correct. You may look at the display thj.s time.

Press El
,at number is on the display? [ Answer : 31]

What do you notice? [ Answer : it's counting by lours]

Hide the display again.

CI
What numbpr should be on the display? [ Answer : 3'9]

Look to See if its curruct, then hide the display again.

What number should be on the display? [ Answer : 55]

Loolao see if-it's. correct. Hide the display. Do anything you

wfsh, but try to end with 100.

If some students do not suciceed, the teacher asks them to do the same

exercise by looking at the display. She encourages them to solve this
".."

problem in different waysand to explain their solutions.

T: We start from 1,000 ; put 1, 000 on the display. Then hide the display.

Press [i] 0 0

What numher, should be on the' display? [ Answer 800]

Look to see if it's correct and then hide the display again.
. .

EJ 0.
What number should be on the display? [ Answer : 400]

21
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Look to see if it's correct. 'You may look at the display t!tis time
Press El El.
What number is dn the display? [Answer : 100]

Hide the display again.
Press
What number should be on the display? [Answer: 503
You may look at the display this time.
Press Dii ODOCI
What number is on the display? [ Ans-wer : 38]

, Hide the display again.
Press
What number should be on the display? [ Answer : 29]
Look to see if it's correct and then hide the display again.
Press 0 as many times as necessary to end with 20.
Look to see if it's correct. How many times did you press ?

[ Answer : three times ]
Hide the display again.

Press 1=1.any number of times, until you think the display will
show a negative number for the first time.
What is this negative number? [ Answer : -1]
Look to see if it's correct.
Press DOE.

You may look at the display this time.

What number is on the display? [ Answer : -10]
Hide the display again.
Press EEJE1.
What number should be on the display? [ Answer : -22]
Don't hide the display any more. Do anything you wish but try,to,
end with 10.

After a while the teacher asks the students to explain how they solved this
problem and encourages them to try to find several solutions.
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Activity #4:

T: We start from' .
Press
What number is on the display?

S: 16.

T: Hide the display.

Press EIDI.
What number should be on the display now?

S: 28.

T: Check it.. Hide the display again.

Press D El
What number should be on the display now?

S: 40.

T: Check it. Hide the display again.

Press El as many times as necessary to get 60 on the display.

T: Check that, you have 60.

If we continue to press El , what is the first number that will

appear on the displajr ending with " 00"?

S: 100.
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T: Check that you can get 100.

Press a LI 12 CI a
What number is on the display?

S: 88.

T: Hide the display.
Press 1:1 El
What number should be on the display?

S: 76.

T: Check it. Hide the display again.
Press as many times as necessary to get 61 on the display.-

T: Check that you have 61 on the display. Hide the display.
By continuing to press , can you get 40 on the display?

Probably many students will answer " yes ".

T: Check that you can get 40 this way.
Now you have 40 on the display.

Hide the'display again and continue to press until' you think

the smallest positive number,is on the display.

T: Now look and tell Me the number.

S: 1.

T: Hide the display again. Do any calculation you wish to get 20.

24
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Many answers are possible. For instance,

a
and so on.

9

EiE
DE1

1E1 0

0

T: Check to see that you really have 20 on the display.

Hide the diSPlay again.

Do a calculation to get 100.

Many answers are i3ossible. The teacher encourages the students to find

different possibilities. For instance,

8

a
0

DEO
riElEEIDEHDO

0

She also encourages the students to give solutions using at least two opera-

tional signs.



MINICOMPUTER GAMES

The two main implements which we have used in our work with the small

groups are the hand-calculator (used in activities described in Chapters

1, 2 and 3) and the Minicomputer° (used in activities presented in Chapters

2 and 3 ). There are some important observations which should be re-
corded here about the complementary symbiotic relationship which we

believe wrists between theSe two instruments.

When we used them together with slow learners, we could see that each

strengthens and enriches the therapeutic value of the other. Used together,

they constitute a very strong set of tools from which the students can create

and build a solid structure of mathematical knowledge.

Because the hand-calculator has buttons to manipulate and a display to

watch, it helps children to locus on their own individual efforts. Because

the children are so intent, they are less likely to give up in their effort

to solve a particular problem or, if they have solved it, to call.out the

answer, spoiling it for others who are still working.

The Minicomputer, on the other hand, takes them in just the opposite dir-

ection;, it allows them physical and mental movement, shows them new

ways of writing the same number and, in general enlarges, rather than

focuses the scope of their understanding about a particular, number.

It is a very important moment when a child can look at a number on the

Minicomputer, then press the correct buttons on the hand-calculator and

make this number appear on the display. It is at that moment, we believe,

°Readers unfamiliar with the Minicomputer are referred to the Appendix

on page 58.
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that the child realizes the identity of the number, and that this number

may be expressed in many ways but always retain its identity.
I

Since the complementary relationship between the hand-calculator and the
Minicomputer stimulates the student's mathematical development so suc-
cessfully, we used the tools simultaneously for almost all the activities

with the- small groups.

It was during the academic year, while we worked regularly with thr stu-
dents and became increasingly concerned with finding ways to break

through the barrier of their past experiences of failure, that the ideas
were conceived for two different games which could be played on the

Minicomputer. As we worked with these games, we became more and

more aware of their capacity for activating the numerical thinking of the

children and for promoting strategical thinking. It is the goal of this

chapter to describe these games and to define the potentially therapeutic
role we believe they can play in any situation where children are dis-
couraged and performing poorly.

2. 1 Minicomputer Tug-of-War

In this section we describe the Minicomputer Tug-of-War activity, a game
which seems to have exciting potential for work with slow learners. Since

this game was invented at the end of the year, we did not have the oppor-
funity of using it in a systematic way in our small groups. However, we

were 'able to arrange some special sessions during summer school.- In

these sessions we used a group, of children who had just completed the third
grade part of the CSMP curriculum and were ehrolled in aummer school on

a voluntary basis. We found the game very beneficial and suitable for chil-
dren at this level. We recommend that it be used at the beginning of fourth

grade as a natural preparation for the more complex game of Minicgmputer

Golf.
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We have thought carefully about the characteristics of this game which

make it so appropriate and helpful, but before we report our thinking about

that atpect, we will describe the game using two examples from games

the children played. The first example is the fifth game that they played.

All of the preceeding games used two checkers per team.

The teacher displays three Minicomputer boards and puts on two yellow

and two blue checkers in this way:

She gives a hand-calculator° to each student and asks them to choose

partners.

T: Team A will play with the yellow checkers and Team B with the

blue checkers. What is the "yellow number "? (5)

She asks the students of Team A to display 5 on their hand-calculators.

T. What is the "blue number "? (1, 000)

°Although we used the hand-calculator here to stimulate concentration,
we leave its uSe as an option. It is not intrinsically necessary.to the
students' successful participation in the game, particularly when only
two checkers are



mat. the students of Team B to display 1,000 on their hand.calculator
VW writes on the board :

1 000

Students from Team A and from Team B will take turns playing.
Players of Team A have 'to move one of their checkers to a square
that has a higher value. Players of Team B have to move one of

their checkers to a square that has a lower,value. So the " yellow
number " will increase while the '113lue number" will decrease.
The first teart that ties or passes the other (S.I yellow" becomes

equal to or greater than "blue"; J.' blue" becomes equal to or less
than " yellow" ), LOSES the game.

A student from Team B plays first and moves one blue checker this way:

What is the "blue number " now? (220)

The students of 'lleam B display 220 on their hand-calculators. The teacher
erases "1, 000" from the blue frame and writes " 220" in it.
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14 1

A student from Team A moves one yellow checker this way:

T: What is the " yellow number " now? (12)

, The students of Team A display 12 on their hand-calculators. The teacher

erases " 5'1 from the yellow frame and writes "12",,in

220

The next steps are des.pribed below:

210

210

208

fl
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t point, the student whose turn it is smiles happily and exclaims,

"I can make them lose!" She moves in this way :

82

Team A surveys the situation and quickly ,concedes that she is right, be-s

cause their smallest possible move is from the 40- square to the 80- square.

Since their new'number would be 120, they are certainly the losers.

If you make a careful study of the preceeding game, you will probably ob-

serve that after " yellow's " second move (to 14, when "blue." was at 210),

it would have been possible for "blue" to win by moving from the 200-

square to the 8- square. Thus, "blue" would have been .18 and " yellow"

(at 14 ) could only meet or pass 18, thereby becoming the, loser. How-
e.

ever, the children were not playing on this sophisticated level, nor were

they expected to be. This sort of situation occured several times during .

the game but the teacher simply noted it without comment. Instead, she

allowed the children to have an enjoyable time making their rather cad ious

moves toward each other. They were easily able to determine each ne

number and record their own team's number on the hand-calculator. tut

it was only when the two numbers werse quite close that one of the students

was able to see and verbalize what was happening, and find a winning move.

It is easy to see that this game, when played ,on the simplest level, is well

within the range 'of abilities of even the lowest achieving students. If they

can decode numbers which use only two checkers and if they can compare

two such numbers to determine which is bigger or smaller, they- can play

and enjoy this game. As they are playing, they are improving their ability

to decode numbers ( at first with only two checkers, later with thi-ee and

33 ,
-/



1 4001

.r.:

eventually four checkers ). They are also increasing they ability to esti-
mate the distance between two numbeTs. As their sophistication increases,
they begin to anticipate what their opponent's next move may be and in'this
way they begin naturally to discover strategies which will help them win.

We now 'include an example° of the game played with three checkers per
team. This is the nftxt natural step, The rules are identical.

1,400
a

1100

9.

4o.
lb-

7

13

14

()This was the sixth game the children played and the first one in which
they used three checkers.
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[128

98

4Ppo

T: What do you think has happened?

S (from "blue" team): We lost!

Ii 120

T: Yes, that's right. Let's put the last checker back where it was

before and see whether you had to lose. ( The teacher shows the

boards as they were at 128 and 120 . ) What do you think?

S (from "blue" team): We could have moved a checker fronthe

square to the 4- square and then they would have lost!

The student demonstrates this fact as shown below:.

124

124

0
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In this more complex game, the children were less able to.anticipate
where their moves were taking them and to use a winning strategy.
Actually, none of them were aware that "blue " had lost for a moment.
No matter! The teacher simply asked a question to direct their thoughts
to what had taken place, and some of them understood. A further ques-
tion helped one child project another possible outcome.

Because we were able to schedule only a few sessions with the children
, in summer school, we had to proceed more rapidly from the twO-checker
to the three-checker game than we would have under normal circumstances.
We would suggest a gradual progression from two-checker to three-checker
games in the earlier part of the year, interspersing them with other acti-
vities. This will give the children time to improve their ability to decode
numbers and estimate distances, and also time to begin anticipating moves
which the opposing team might make and to develop strategies which are
more advantageous to their team.

In order to give them the widest variety of experiences, the teacher should
shift teams ( or team members ) from the "blue" to the " yellow" side and
vice versa. This will encourage the students to create new ways of playing
the game and familiarize them with "blue" and " yellow" strategies, which
are different.

Later in the year, after they have also had experience with Minicomputer
Golf, the teacher should return again to this game in order to give the stu-
dents the exposure and encouragement that will help them find strategies
'Of increasing sophistication. Perhaps at that time he or she will want to
introduce four checkers ("blue " starting at 1, 500 and " yellow" at 15).
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2. 2 Minicomputer Golf

In this section we will present Minicomputer Golf, a game which has had

a compelling attraction for students, teacher and observer alike in the

work of the small groups. We now understand from our experience and

careful study of that experience, that this game has played a key role in

the success of these groups. We have given a generous amount of time

and thought to the question of why it has had such a positive effectand

will later explore many of the reasons that seem to have a bearing on

this question. However, it is first important that we explain the game

and the way we used it. In order to do this, we will reproduce one of the

many games which was actually played and make a few observations about

it.

Eight checkers are gradually' set up on the Minicomputer, begiAning with

the ones' board. After each new addition of checkers, a child is called

on to read the number. For example,
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:_-)rinally, the last two checkers are put on so that the starting situation
using three boards is-:

: 165

The students have already received hand-calculators and the teacher now
instructs them to put 165 on the calculators' displays. After the children
have chosen partners, the teacher proceeds as we will Show below. We
have used as an example a game which was played after the-children had
already hae three other experiences with the game.

We are starting from 165 and we have to reach 400. Students from
1,

Team A and from Team B will play in turn. Each time, you may
move one checker from any square to any other square. The num-
ber may be increased or decreased. The first team to reach the
goal will be the winner. Who would like to play first for Team A?

The first player on Team A moves a checker from the 20- square to the
80- square.

Is the number on the Minicomputer bigger or smaller? (Answer :
bigger )

How much bigger? ( Answer: 60 bigger )

What number is on the Minicomputer now? ( Answer : 165 + 60)
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The students retord the new number by pressing

player from Team B moves a checker from the 8- square to the 80-

square.

T: Is the number on the Minicomputer bigger or smaller? ( Answer :

bigger )'
How much bigger? (Answer : 72 bigger )

What is the new number on the Minicomputer? (Answer : 225 + 72)

The students again record the new number. Similar steps are followed

with the next players, alternating from Team A and Team B. If the

player who makes the move does not know how much the number has in-

creased or decreased, one of the other students is allowed to give the

answer. If none of them knows, the teacher helps them figure it out or

'asks them to choose an easier move- The results of the game are de-

scribed by this red- blue road. Team B (blue arrows ) was the winner.

41
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In the arrow picture on the preceeding page, as well as in all of those

which follow, the notation "xyry" indicates a move from the x- square

to the y- square. The final boards had this confikuration:

= 400

Contrary to our practice with the collective lessons, we did not record

the individual moves on'the board by drawing an arrow picture for the

small groups (although the observer made a record of them). This was

a deliberate choice and we would like to emphasize that it was a personal

one, based on a definite goal which was, for us, more important than any

other consideration.

Our reason for omitting the record-keeping was that our major goal was

to focus deeply on the students and on our relationship with them. The

mechanics of keeping a record would have been lioth distracting and a

barrier between us.

However, we are aware of the value of the arrow picture in that it points

to and reinforces the basic connection between the language of arrows and.

the Minicomputer language. It may be that for another teacher this will

be a more important consideration, and that the choice will be made to

keep the record in the same way it is kept in a collective lesson.

Now, let us look at some of the more important observations we have made

about this game and the students' response to it; in particular, to those 41'

observations which seem to embody,a reason for its very therapeutic effect

upon the children.



I) The game may be played many, many times without being ex-
actly the same, even if the starting and ending numbers are
the same. This is because there are so many different roads
which are possible, depending on the way the checkers are set
up and the combination of moves that are chosen by the children.

In addition, the starting and ending numbers chosen may be
small (however, at least seven checkers should be used) or
large. This gives the game great flexibility and puts it easily
within the range of slow learners, even on their very first try.
For example, here is a situation we set up as one of the first
experiences with Minicomputer Golf.

Starting boards :

Goal: 200

44
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(20 so)

+60
(t-)20)

+16

(20 - 80)

+60

The final boards appeared as below:

186

+36

222

-4 44

-20 (40 -424

202

-60 (90-420

11+2

r--- 200

The children enjoy this game and are able to get to the goal without too

much difficulty, although it is clear their strategy is more haphazard

than purposeful.

2) Even if students are very weak, they can play this game be-

cause there are no wrong moves. Because it is always pos-

sible to get to the goal, the weaknesses of individual children

do not spoil the game for the others.
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A clear illustration of this is shown on page 42 in moves 11- 14. Although
the children take many roundabout paths during these moves, they do even-
tually reach their goal and have fun in the process!

.The teacher, here and always, accepts any move in silence, without any
comment or comparison. She is also careful that her expression does not

mmunicate some positive or negative judgment. Because she allows
all to play as they like and are able, and because she has the attitude of
"enjoy the game and see what happens, " the students are truly free. They

are not afraid to explore, and they quickly understand that to go above the
goal may be a very sensible move in their journey toward it.

3) As the game is being enjoyed for itself, each student is also
expanding his or her knowledge of some basic facts and de;rel-
oping the,ability to estimate distance more accurately at his
or her own rate of speed. Each is making individual discoveries
which are not spoiled even if they occur long after they have
been made by others, because they are a personal happening.

We reiterate that we deliberately chose to emphasize the enjoyment of the
game and to remove, as far as possible, those elements of comparison,
judgment and competition which are always pr esent in a group. Neverthe-
less, we will admit to some surprise at what a natural teacher the game
is, when used in this way. Because a cLiild can la and en
even with a very poor sense of the distance between two given numbers,
that child slowly and naturally develops within himself or herself the
ability to estimate distances more accurately. In the same way, when
students are not put under constant pressure to come up with basic facts
about numbeis, but are instead immersed in a situation which repeatedly
exposes them to those facts, they simply absorb some of therri as a matter
of course. If, as we did, the teacher stimulates thinking about
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estimation with questions which are asked in a casual, non-systematic

way, the learning appears to be increased significantly.

We were sometimes astonished to realize that a child who had been ex-

ceedingly weak in any knowledge of basic facts about even very small

numbers, now clearly understood that, for instance, when he moved a

checker from the 80- square to the 400- square, the new number would

be 320 bigger than the old.

A careful study of the records we kept of each week's sessions helped us

to discover many other interesting things that were happening in one or

another of the groups. For instance, the games which are reproduced

below (pages 48, 49, 50) were played just one week apart by a small

group which had exactly the same students each time.

It is clear that there has been a marvelous improvement in the ability of

the group, as a whole, to estimate distances more accurately in just one

week's time. If one studies the first game ( on pages 48 and 49), one has

the feeling that the students are seeking the goal without any clear idea

of where it is. The moves are small, generally tentative ones, except

for one (+390 ) which takes them 224 above the goal, and which does in-

spire the two following students to be a little more brave. Then most of

them revert back to very cautious steps toward the goal. In contrast,

the second game (pagN50 ) shows a steady, confident stride toward a

much more distant goal, as if the students now have a better ide-i-cf)irs---

location, in relation to where thr_rare at any given point in the game.

0.,
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'Starting boards :

Goal: 500

,

165

(ts -.to (20-4so (Ito-48o

+2 +60 +1+0
0->-..-->-.41-->---1) 267
165 167 227

(40 10) (It -,11-o)

+1+0 +36

312 304 268

(ro --)14-oo) (so -*10 (sos)
+390 -70 -72

354 744 674- 602

Li

(Road continues on the
next page at upper left.)

48

5 3

C.>



602 600 592

503

501 495 49/ 500

Final boards :



Coal : 1, 000

(8 Ito)

432
(20-4 60)

+60

= 265

(140-4400)

+360

Final boards :

50

= 11000

7/

(I -- 200)

+199



It is interesting to study the reaction of one boy (M), who during the first

game (pages 48, 49), was so concerned with the negative strategy of not

making a move which allowed the other team to win that he just couldn't

seem to consider the positive strategy of moving his team toward tile

goal. He consistently made tiny moves until the goal was close enough

that he could accurately figure the distance. His last two moves were

very careful ones, the second one bringing his team victory.

Another convincing illustration of the group's improvement is shown in a

comparison of three other games, the first of,which was played just a

month later ( see pages 54 - 57). These games were the first three ex-
. wo

periences which the slow learners had in playing Minicomputer Golf

using both positive and negative checkers. They were not, however,

consecutive sessions. The first two were separated by one week and the

second and third by-five, because of various difficulties in scheduling.

The overall picture clearly shows that the students were making rapid

strides in developing their familiarity with the Minicomputer language

and their ability to use it efficiently, even when negative checkers were

involved. The teacher deliberately chose to use no more than two nega-

tive checkers and to place them carefully in order to encourage their use

without creating a situation which was too difficult.

In their first game (fribm 137 to 400 - see pages 54, 55 ), it is 'easy to

,see that the accuracy of their estimation is haphazard, at best. But this

sometimes turns out to be a blessing in disguise, as in the fifth move. ,

Because of-this student's great overestimation, they are involved in the

use of negative checkers by necessity! However, they plunge in and.use

negative checkers six different times by the end of the game. So, although

it is a long trip, it is not trivial or unproductive.
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In their second game, two weeks later, (see page 56 ), they make a
journey from 143 to 400. The first child makes a move which takes
Ahem well above the goal, but which also brings them much closer tO it
than they had been. If one iets up this game as the starting boards in-
dicate and plays it out as the children's moves show, it is easy to see
that most moves were made carefully in terms of moving an individual's
team closer to the goal without playing into the hands of the other team
and allowing the next opposing member to win.

Finally, after a long break because of scheduling difficulties, they played
the game from 149 to 500 ( see page 57 ). The first move is an excellent
one which takes them above the goal and only 48 away from it. The sec-
ond move (- 10) brings them to 538. From here there could be a victory
on the third move. However, the student does not see the possibility;
instead he makes a move which brings them to 518. Here again, there'

0could be a winning move, but the next child's move makes the new num-
ber 506. And now the first child is able to make the final move and clinch
the victory for his team.

Once again we can see that the game itself is the best teacher. In a spon-
taneous way, it gives the students an experience in computation using
negative numbers. Because they really want to reach that goal and win,
they are forced to encounter the negative numbers and try to understand
how they can use them advantageously. During the encounter, they learn
about them as a by-product.

In addition, we see more evidence that learning takes place even in the
interim between lessons when students have more confidence in their
ability to learn. As William James observed that we learn to swim in
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winter and to ice skate in the summer, so we here observe that the stu-

dent's understanding .deepened during the month's break from small

group experiences.

In our minds, there is a definite correlation between the unpressured

situation in which the students were directed away from an absorption

with their own inadequacies by involving them in a pleasurable, but

challenging, experience with numbers and the very rewarding growth

which took place. We will do further experimenting in this direction,

and hope other teachers will be encouraged to do so also.
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(3/076)
Starting boards :

Goal: 400

137

(20-) so (Ito ---ploo s)

+60 +60 +6
265

137 197 257

(100 -.4 20) (80

-80 +320

595 675 355

(20 2) (so -420)

-7 -IS- -60

492 485 467 407

(Road continues on the next pasre
at the upper left.)

54
I j



Final boards :



,( 3/23/76 )
-Starting board.:

Goal : 400

(5-.400) (oo -,40)

+392 -40

= Ist3

(-70 -4-100)

-90

400
Final boards :

394 397

56

= 400

393



(.4/29/76 )
Starting boards :

Goal : 500

=149

(I-4400) (2o-410) (40-'20)

+319 -10
5/8

149 54-8 538

Final boards :

0

57

-12

506

8 2

= 500

500



APPENDa

The Papy Minicomputer, a kind of "paper" abacus, models the positional
structure of our system of numeration and hence lends itself as a power-
ful tool in arithmetic calculation. It is not a sophisticated electronic
device; but rather consists of one or more "boards", each board sub-
divided into four squares, and a set of "checkers".

When one or more Minicomputer boards is displayed, the position that
each board hOlds relative to the other boards corresponds to place value.
The values of the four squares on a board are shown on pa.ge 59: white
is 1 (10, 100, etc. ); red is 2 (20, 200, etc. ); purple is 4 (40, 400, etc. );
and brown is 8 (80, 800, etc. ) Although aesthetically pleasing and peda-
gogically convenient, color is unnecessary and throughout this book is
omitted.

A number represented by a configuration of checkers on the Minicomputer
is the sum of the values of all the checkers on the boards. Furthermore,
a number has many different Minicomputer configurations. Negative num-
bers are represented by using checkers with " A " written on them. For
"example,

0
76 =

CSMP materials make extensive use of the Minicomputer. A list of these
materials is available from CEMREL, Inc. More detailed discussion of
the Minicomputer and its pedagogy can be obtained by making use of one
or more of the references on pag`e 60.

U'
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"Happy Twentieth Birthday, Minicomputer," by Georges Papy (St.
Louis : CEMREL, Inc., 1974)

"Minicomputer," Educational Studies in Mathematics, pp. 333-45
(Dordrecht: D. Reidel Publishirg Company, No. 2, 1969)

"Minicomputer, Un ordinateur sans electronique," Media No. 9,
pp. 26-36 (Paris Institute Pedagogique Nationale, January, 1970 )

Minicomputer, by Georges Papy (Bruxelles : IVAC, 1969; Torino:
Societa editrice internationale,.1971 (Italian))

"On Papy's Minicomputer," by Peter Braunfeld (St. Louis :. CEMREL,
Inc., 1974)

"Papy's Minicomputer, " Mathematics Teaching, No. 50, Spring 1970

Summer School In The Old Days, CSMP (St. Louis : CEMREL, Inc.,

1976)

" The Papy Minicomputer : A Didactical Analysis," by Peter Braunfeld,
(St. Louis : CEMREL, Inc., 1974 )

The Papy Minicomputer : Teacher's Guide (New York: Macmillan,

1970)

Two by Two, CSMP (St. Louis : CEMREL, Inc., 1974 )
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DETECTIVE STORIES

In this chapter we present eighteen variations on the "detective story"

format which was originally developed for and us4d in the collective

lessons.' Throughout the year we observed a definite correlation between

our use of those stories and the deeper involvement of,most V the slow

learners.. The stories always elicited a positive response in collective

lessons ; they had the ability to engage the individual eitudent's imagination

and powers of concentration for longer periods of time.

In addition, the make-up of a detective story is particularly idearfor
reviewing many concepts because it can use several or all of the mathe-

matical languages, and in each adaptation it can present them in a

slightly different environment. Therefore, each experience is new and

unique, yet it is also both a review and reinforcement.

Furthermore, the technique of giving students clues to solve (introducing

an element of suspense ) provides them with a powerful motivation to

learn to use and to become fluent in the various mathematical languages.

In the same way, the element of suspense is also an inducement to follow

through on a particular clue which +s given for the .hand-calculator until

the number they are seeking appears. Thus, the,students learn to see

the hand-calculator not only as the marvelous magic box which first at-
,

tracted them, but also as a very helpful tool which increases their know-

ledge of and ability to manipulate numbers.

Finally, the detective story enriches the material for slow learners by

providing teachers with a larger variety of approaches, thus increasing
1

the possibility that they can adapt it successfully to their own students.
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The eighteen stories which we have included are just examples which
teachers can feel free to alter for their own particular situations.% If
some clues seem too difficult, others may he substituted. Or you may
prefer to create new, stories from this format. This is quite acceptable
and could be an interesting learning experience, in addition.

With the detective stories, as with all other activities', ,we' believe the
approach is of paramount importance. It is our hope that the teacher's
attitude will be one which leads the children to relax and explore the situ-
ation with pleasure and curiosity, for we believe this is' the spirit which
will encourage success.

3. 1 Who Is Flip? (without the help of a hand-calculator )
ot.

qt)
Our secret number is called "Flip ".

First clue

Di8play one Minicomputer board.

T: Flip is on this Minicomputer board using exactly two (positive
checkers. You can't see Flip.beC,ause the checkers are invisi 1 .

Let the students react and show some numbers that Flip could be.
(Examples : 3 ; 9 ; 10 ; 4 )

62
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T: What is the smallest number that Flip could be?

S: Two.

T: What is the largest number,that Flip could be?

S: 16.

T: Let's make a list of all the numbers that Flip could be.

S: 2; 3; 4; 5; 6; 8; 9; 10; 12;.16.

Second clue

Draw this picture on the board and_let the students react :

The picture shows that Flip is even and not larger thari 12. So the stu-

dents should conclude that Flip is one of these numbers: 2; 4; 6; 8;
10; 12.
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Third clue

Draw this picture on the board:
20

T: Flip is in this picture.

Have the students label the dots :

8 12 16 20

2 x2

They should conclude that Flip is 2 or 4 or 8 or 12.

`-'64
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Fourth clue

T: Flip can be put on the Minicomputer with three (positive ) checkers

on the same square.

Ask the students to write which number Flip is on a sheet of paper.

[ Answer : Flip is 12]

3. 2 Who ls Kick?

Give each student a hand-calculator.

T: The name of our secret numb,er is "Kick".

First clue

T: Start with 5 on the display.
Press Eiand so on.

Kick will appear on the display.

Let the students observe the pattern of odd, numbers. Kick can be one of

these numbers : 7; 9 ; 11 ; 13; 15 ; 17; 19; 21; 23; . . .

Second clue

Display one Minicomputer board .
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T: Kick can be pui\on one board of the Minicomputer with three positive

checkers.

Ask the students to put on the Minicomputer some numbers Kick could be

(7; 9; 11; 13; 17) and to list some numbers Kick could not be (15; 19;

21; 23; . . . ).

CICI
= 7 ; = 9 ; =13 ; AND

They should conclude that Kick is 7 or 9 or 11 or 13 or 17.

Third clue

T: Start with 387 on the display.

Press 0 Ei and so on.

Kick will appear on the display.

=17

Let the students observe that the last digit of each number that appearson

the display is 7. They sliould conclude that Kick is 7 or 17.

Fourth clue

T: Do you remember what a square number is?
Can you give me examples of square numbers? (4 = 2 x 2;

16 = 4 x 4 ; 9 = 3 x 3; etc. )
Can you give me examples of numbers that are not squar@ numbers?

(2; 3; 5; 6; 7; 8; 10; 11; 12; 13; 14; 15; 17; 18; . . . )

Now for the last clue.
If you subtract 1 from Kick, you will get a square number.

After,the students try each number for Kick they should conclude that Kick

is 17 because 17 - 1 = 16 = 4 x 4, and 7 - 1 = 6 is not a square number.

6 6



3. 3 Who Is Krack?

Give bach student a hand-calculator.

T: The name of our secret number is "Krack ".

First clue

Display one Minicomputer board.

T: Krack can be put on one Minicomputer board with exactly two
positive checkers.

Let the students show on the Minicomputer that Krack is one of these num-
bers: 2; 3; 4; 5; 6; 8; 9; 10; 12 ; 16.

Second clue

T: If I put Krack on the display of my hand-calculator and press
and so on, 72 will appear on the display.

Let the students use a hand-calculator to see which numbers Krack
could be. It is most likely that some students, without the use of the
hand- calculator, will be able to tell you that Krack cannot be 5 or 10.
This response should be encouraged when the opportunity presents it-
self. The students should conclude that Krack is one of these numbers :
2; 3; 4; 6 ; 8 ; 9 ; 12.



Third clue

T: If I put Krack on the display of my hand-calculator and pre'ss
Eland so on, 81 will appear on the display.

Let the students try the numbers that Krack could be. With little or no
use of the hand-calculator, some students may conclude that Krack cannot

be 2 ; 4; 8; or 12 since they are even. The students should conclude
that Krack is 3 or 9.

Fourth clue

T: If I put Arack on the display of my hand-calculatdr and press
Eiand so on, 102 will appear on the display.

Encourage the students to eliminate 9 without the use of the hand-calculator.
For example:

T: Start with 9 on the display. Hide the display of yaur calculator.
Press em and then El ten times. Can you predict what number

will appear on the display?

S: 90.

T: Check your prediction. If you ontinue pressing , will 102

appear on the display?

S: No, 99 will appear and so will 108, but not :".02.
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T: Now start with 3 on the display. Hide the display with one hand.

Press 111 and then ten times. Can you predict what nurn-

ber will appear on the display?
' 4

S: 30.

T: Check your prediction. Now suppose I press El 20 More times.
What number will appear?

S: 90.

T: If you continue pressing El , wills 102 appear on the display?

S: Yes.

The students should conclude that Krack is 3.

3.4 _Who Is Zot? (without the help of a hand-calculator)

T: Our secret number is called " Zot ".

First clue

Display three Minicomputer boards.



T: Zot is on these Minicomputer boards using exactly two (positive)

checkers on the same square. 'You can't see Zot because the

checkers are invisible.

Let the students react to the clue and put some numbers Zot could be on

the Minicomputer. Suggest that the students look for a pattern.

T: What is the srnallest.number that Zot could be?

S: TWO.

T: What is the largest number that Zot could be?

S: 1,600.

T: Let' s make a list of all the numbers that Zot could be.

A careful listing of the numbers that Zot could be will stress the pattern.

[Answer: 2; 20; 200; 4; 40; 400; 8; 80; 800; 16; 160; 1,600]

Second clue

Draw=this picture on the board and let the students react to it :
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The students should conclude that Zot is. one of the following numbers:

16; 20; 40; 80; 160; 200; 400; 800.

Third clue

Draw this picture on the board:

50

T: Zot is in this arrow picture.

Have the students- label the dots :

10

5

20 50 BO

>r
110

They should conclude that Zot is 20 or 80.

Fourth clue

T: Zot can be put on the Minicomputer with four (posit&ve ) checkers

on the same square.
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The students should conclude that Zot is 80.

3.5 Who Is Kwa?

Give each student a hand-calculator.

T: The name of our secret number is "Kwa".

First clue

T: Press a a ElEl and so on. Kwa will appear on the display.
(NOTE: Examine the hand-calculators that you will use with this

story. Some calculators will not permit multiplication by a

constant in the manner suggested above. If your calculators are of

this type, substitute "
)

El Ej El . . . " for "

Let the students observe the numbers as they appear on the display.

T: Cover the display of your calculator with one hand.

Press
Can you predict what number will be on the display?

S: 8.

T: Now press again and make another prediction.

S: 16.

7 ?
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T: Uncover the display to check your prediction. If you press

again, what number will be on the display?

S: 32.

E

If necessary, this line of questioning may be continued. Kwa can be:

2; 4; 8; 16; 32; 64; 128; 256; .

Second clue

Draw this picture on the board:

Larger than 10

T: Kwa is in ihis string picture.

Encourage the students to verbalize the new information about Kwa.
(Kwa is larger than 10 and smaller than 1, 000. )

T: Let's list numbers Kwa can be. 2? (No); 4? (No); 8? (No);
16? (Yes); 32? (Yes); 64? (Yes); 128? (Yes); 256? (Yes);
512? (Yes); 1,024? (WO

The students should conclude that Kwa is one of the following numbers :

16; 32; 64; 128; 256; 512.
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Display three. Minicomputer boards.

T: Kwa can be liut on the Minicomputer_using exactly one positive

checker on each board.

Let the students try putting numbers from the above list on the Minicompu-

ter. They will notice that 128 is the only number that meets the require-

rnents of the third clue.

128 =

The students should conclude that Kwa is 128.

3.6 Who Is Kong?

Give each student a hand-calculator.

T: The name of our ,secret numbenis "Kong".

First clue

Display three Minicomputer boards.

u!..;
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T: Knng.can be put on the Minicomputer with exactly two positive

cheCkers.

Give the stUdents plenty of time to tell numbers that Kong coUld be. Since

there are 76\possibilities, the students should not be expected to give a
complete listnf these numbers.

After a while, you could challenge the students with some questions.
For instance;'

T: Could Kong be 28? (Yes ) Show us.

What about 20? (Yes ); 10? (Yes); 204? ( Yes ); 409? (No);
100? (Yes); 1,000? (Yes)
What is the\ smallest number Kong could be?

S: 2.

T: The largest?

S: 1, 600.

T:

S:

.)What is the largest two digit number Kong could be?

90.

7 5' 6 L,



Draw this picfure en the board:

T: Kong is in this string picture.

Let the students play with the clue. Encourage t em to verbalize the new

information about Kong. (Kong is smaller than 100 and larger than 40.)

T: Could Kong be 40?

S: No, Kong is larger than 40.

T: 41?

S: Yes.

45?

S: .No, 45 cannot be put on the Minicomputer with two positive checkers.

T: How about 48?
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S: Yes.

T: 50?

S: Yes. /

T: How about 51 through 59?

S: None of them can be put on the-Minicomputer with tVvo positive

checkers.

If necessary, this line, of questioning can be continued. The student's

should conclude that Kong is 88 or 48.

Fourth clue

T: Do you know what a square number is?

Give some examples of square numbers (3 X 3 = 9; 5 X 5 = 25;

10 x 10 = 100; 4 x 4 = 16; and so on), and some examples of numbers

which are not square (5; 8; 15; and so on).

T: Now my last clue is : If you add 1 to Kong, you will get a square'

number.

The students should conclude that Kong is 48 because 48 + 1 = 49 = 7 x 7,

while 8£i + 1 = 89 is not a square number.



Give each student a hand-calculator.

T: The secret number is called "Nirn".

First clue

T: Start with S-3-displayed on 'your calculator.

Then press 0 E-J 0 and so on.
Nirn will appear on the display.

Firstlet the students react to this clue and watch the numbers that appear

on the display. Encourage them to express their ideas about Nim. Then

challenge them with some questions. For instance,

T: Could Nim e 216?

S: No.

T: Why not?

S: Because the last digit is not " 3".

T: Could Nim be 23?

S:t No.

T: Why not?

S: Because Nim is larger than 53.



T: Could Nirn be larger than 1, 000?

S: Yes.

T: Give some examples of numbers larger than 1, 000 that Nim could be..

S: 1,003; 1,013; 1,023; 1,033; ...; 6,793 153, 283; . . .

Second clue

Display three Minicomputer boards.

T: Nirn can be put on the Minicomputer with one positive checker on
fit.the hundreds' board and two positive checkers on the ones' board.

Ask students to put on the Minicomputer numbers that Nirn could be. Itias
ooflikely that you will get some wrong answers. For instance,

= 409

- In -this-ease, let the students react and explain that Nim cannot be 409 be-
cause the last digit of "409" is not "3 ". (See first clue )

After some tries, the students should conclude that Nina is 103 or 203 or
403 or 803.
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Third clue

T: Clear your display and press
Nim will appear on the display.

es El El EI Ei and so on.

Let the students work on their own for a while. They will probably notice

that 103 doesn't appear on the display while 203 does. At this point you

could ask the students to turn their handcalculator off.

T: Now we know that Nim could not be 103, but that he could be 203.

Could Nim be 403? Try to answer this question without the help

of your hand-calculator.

If the suggestions of the students are not articulate enough, you could help

them by asking :

T: If we continue pressing 0 , the number 203 + 203 = 406 will

appear on the display. What about 403?

The students should notice that 406 - 7 = 399 will appear on the display,

but not 403. So Nim could not be 403.

T: If we press Ei and then El 100 times, what number will

appear on the display? (100 x 7 = 700)

Suppose we 'press, El 10 more times. What number will appear

on the display? (770)

Suppose we continue pressing . What numbers will appear on

the display? (777; 784; 791; 798; 805; . . . )

So the students will notice that 803 will not appear on the display. They

should conclude that Nim is 203.
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3.8 Who Is Tack?

Give each student a hand-calculator.

T: Tack is a sec:et whole number.

First clue

T: If I put Tack on the display of my hand-calculator and press

a a a
is between 200 and 300.

, the number that appears on the display

Let the students have time to try some numbers for Tack. They should
conclude that Tack is one of the following numbers: 18; 19; 20; 21;
22; 23; 24; 25; 26.

Second clue

Display three'Minicomputer boards.

T: Tack cannot be put on the Minicomputer using exactly two checkers

(positive or negative).

First ask the students to show some numbers that can be put on the Mini-
computer with exactly two checkers. (18; MNDI = 19; 20; 21 ;

22; 24) Then the students should conclude that Tack is 23, 25 or 26.
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Third clue

T: Do you remember what a square number is?

Can you give me examples of square numbers? (4 = 2.X 2; 1 = 1 X 1;

16 = 4 X 4; etc.)
Can you give me examples of numbers that are not square? (2; 3;
5; 6; 7; 8; 10; etc.)
Now I will give you the third clue.

Tack is not a square number.

The students should conclude that Tack is 23 or 26.

Fourth clue

T: Start with 800 on the display.

Press El im Ei and so on.
Tack will appear on the display.

Let the students play with tistis clue. After a while continue with

T: Put your calculators aside. Suppose I start from 800 and press

and then EI 100 times. Can you predict what number

will appear?

S: 100.

T: Why?

S: 100 = 800 - ( 100 x 7 )
.c?

T: Now we know that 100 will appear on the display.
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T: Start from 100. Hide the display of your calculator with one hand.

Press el -E and then El 10 times. .

Can you predict what number will appear on the display?

S: 30.

T: Why?

S: 30 = 100 - (10 x 7 )

T: Check your prediction. Will 26 appear?

S: No.

T: Will 23 appear?

S: Y es.

T: Why?

S: 23 = 30 - 7

The students should conclude that Tack is 23.

3.9 . Who Is Kim?

6ive each student a hand-calculator.

T: The secret number is called "Kim".
6



First clue

Display one Minicomputer board.

Kim can be put on the ones' board with one positive checker and
one negative checker.

Ask the students to tell some of the numbers Kim could be. For example,
3 and -3 ; 7 and -7.

T: What is the largest number that Kim could be?

S: 7.

T: What is the smallest number that Kim could be?

S: -7.

T: Let's make a list of all the numbers that Kim could be.

Ask the students to put on the Minicomputer the numbers that Kim could be.
[ Answer: 7 ; 6 ; 4 ; 3; 2 ; 1 ; 0; "1; 2 ; -3; 4 ; 6 ; 7 ]

Second clue

T: Start with 2, 374 displayed on your calculator.

Press 1/1 0 and so'on.

Kim will aO'pear on the display.

'
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Let the students work on their own for a while and watch the numbers

that appear on the display. Challenge them with some questions. For.

instance,

T: If you keep pressing jj , what is the first number Smaller than

2, 000 to appear on the display? ( 1, 994 ) ; the first number smaller

than 1, 000? ( 994); the smallest positive number? 4 ); the first

negative number? ( 6 );

-100? ( -106 )

What numbers could Kim

Third clue

Draw this picture on the board :

first negative number smaller than

4 or -6 )

T: Kim is in this arrow picture.

Have the students label the dots :

"3 5

'61 +4
12

85

2

13

o



The students should conclude that Kim is "6.

3.10 Who Is Pim?

Give each student a hand-calculator.

T: The name of our secret number is " Pim".

First clue

Display thrgo Minicomputer boards.

T: Pim (7an be put on the Minicomputer with exactly three positive
checkers.

Let the students have plenty of time to determine numbers that Pim could
be. It is obvious that the students will not list all of the numbers that Pim
could be. You may want to ask questions like the following:

T: Could Pim be 10? (Yes ) Show us.

100? (Yes) 102? (Yes) 87? (No)
Could Pim be 30? ( yes ) 300? ( Yes )
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0111=1. 10 =

= 100 =

Even though a number may have several configurations, it is not necessary

for the student to show all of them.

T: What is the largest number that Pim could be? (2, 400)

What is,the smallest? (3)
Can you name some other numbers Pim could be?

Can you name some numbers Pim could not be?

Second clue

Draw this picture on the board:

600 --50
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T: Pim is in this arrow picture.

Let the students label the dots:

T: Don't forget that Pim can be put on the Minicomputer with exactly
three positive checkers.
What numbers could Pim be? (600 or 500 or 450 or 900 )

Third clue

T: Pres s and so on.

Pim will appear on the display.

Let the students observe the numbers that appear on the display. Encourage

them to verbalize any ideas they have.

T: Will 30 appear on the display?

S: Y es.

T: Why?

S: 30 = 10 X 3; 30 is a multiple of 3.



T: Will 60 appear?

S: Yes, 60 = 20 x 3.

Will 90 appear?

S: 90 = 30 X 3.

T: Will 150 appear?

S: Yes, 150 = 50 x 3.

T: Will 300 appear?

S: Yes, 300 = 100 X 3.

T: Will 450 appear?

S: Yes, 450 = 300 + 150 = 150 X 3.

T: Will 500 appear?

S: No.

Starting from 450 and pressing Ei] ElEl
and so on, let the students

observe the numbers that appear on the display.

T: Will 600 appear?

S: Yes, 600 200 x 3.
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T: Will 900 appear?

S: Yes, 900 = 300 x 3.

The students should conclude that Pim is 450 or 600 or 900.

Fourth clue

T: Do you remember what a square number is?
Give us some examples of square numbers. (4 = 2 X 2 ; 25 = 5 x 5;
1 = 1 X 1; 49 .7-- 7 X 7; 100 = 10 x 10; . . .

1

With the help of your hind-calculator, try to make a list of all the
square numbers between 100 and 1,000.

When the students haVe completed this list, give them the fourth clue.

T: Pim is a square number.

The students should conclude 'that Pim is 900.

3.11 Who Is Xan?

Give each student a hand-calc4lator.

T: The secret number is alled,"Xan".
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First clue

Draw this picture on the board:,

Even Numbers Positive Multiples of 3

4

T: Xan is in the 76tring picture.

Let the students react to this clue, encouraging them to verbalize the new

information that they have about Xan. (Xan is a positive multiple of 3i:

Xan is an odd number ).

1iAsk them to give many examples of numbers that Xan could be and o

numbers that Xan could not be.

The Students ,should conclude that Xan could be 3; 9; 15; 21; . . .

'Challenge the ,students to generate this pattern using the hand-calculator :

II 6

Second clue

El Ej and so on.

Draw this picture on?the board:

Xan

-1



Let the students play with the clue. As they respond to the clue ask

questions such as :

T: Could Xan be 63?

S: No.

T: Why?

S: 2 x 63 = 126 which is greater than 100.

T: What is the largest number Xan could be?

S: 45.

T: What is the smallest number Xan could be?

,S: 3.

The students should conclude that Xan is one of the following numbers :

3; 9; 15; 21; 27; 33; 39; 45.

Third clue

Display thre0 Minicomputer boards.
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T: Xan can be put on the Minicomputer with exactly aneflositive

checker and one negative checker.

Let the students put the numbers that Xan could be on the Minicomputer.

They should conclude that Xan is 3, 9 or 39.
Air

Fourth clue

= 3

Draw this picture on the board:

dr

0

!=1111,1

= 3q

T: Xan is in this picture.
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Have the students label the dots:

/08

39 78

29

I q

98
88

The students should conclude that Xan is 39.

3.12 Who Is Gluck? (with or without the help of a hand-calculator, as
you prefer )

T: The name of our secret number is "Gluck".

First clue

Display three Minicomputer boards.

l.)
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T: Gluck can be put on the Minicomputer with one positive and one '

negative checker.

Let the students have plenty of time to show numbers that Gluck could be.

Obviously the students will not list all of the numbers that Gluck could be.

After a while, you may want to ask questions like the following :

T: Could Gluck be 7? (Yes ) Show us. 5? (No) 10? (Yes) 99? (Yes )

50? (NO) 500? (No) 100? (Yes) 1,000? (No) -

Could Gluck be negative? (Yes )

Show us some negative numbers Gluck could not be.

What is the largest number Gluck could be? (799)

What is the smallest? ( -799 )

Second clue

Draw this picture on the board:

Larger than 100 Positive multiples of 5
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T: Gluck is in this string picture.

-Encourage the students to verbalize the new information about Gluck.
(Gluck is not larger than 100; is a positive multiple of 5; is an even

number.)

T: Can you name some numbers that Gluck could be?
0

Can you name some numbers that Gluck could not be?

It is likely that all multiples of 10 up to 100 inclusively will be suggested
as numbers that Gluck could be. In this case, remind the students that
Gluck can be put on the Minicomputer with one positive and one negative

checker. The students should conclude that Gluck is one of the following

numbers : 40; 60; 70; 80; 90; 100.

Third clue

Draw this.picture on the board:.

T: Gluck is in this arrow picture.

Let the students label the dots :

5 20 SO

L.
6

1
9

x 2



They should conclude that Gluck is 10 or 20 or 40 or.80.

Fourth clue

T: Do you know what a square number is?

Give us some examples of square numlaers. (2'x 2 = 4; 6 x 6 = 36;

10 x 10 = 100; and so on.)
Now the fourth clue: If you add 9 to Gluck, you will get a square

number.

After trying each number the students should conclude that Gluck is 40

because 40 + 9 = 49 = 7

1. 13 WO Is Tom?

Give each student a hand-calculator.

T: Tom is our secret number.

First clue

T: Put 968 on,the display of your hand-calculator.

Press E U El El and so on.
Tom will appear on the display.

First let the students play freely with this clue and watch the numbprs

that appear on the display. Encourage them to express what they notjce.

After a while, ask some questions. For instance,

T: Could Tom be 902?
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S: No. Tom could be 908, 903, 898, . . . butt'not 902.

T: Could Tom be 983?

S: No. Tom is smaller than 968.

sT: Which is the smallest positive number that Tom could be?

S: 3.

T: Could Tom be a negative number?

S: Yes.

T: Give some examples of negative numbers that Tom could be.

S: -2; -7 ; -12; -17; -22 ; .

Second clue

Display one Minicomputer board.

T: Tom can be put on this Minicomputer board using exactly three

positive checkers.

Mk the students to show on the Minicomputer some numbers that Tom

could be. It's likely that you will get some wrong answers.

98t_,

110

ts



For instance,

In this case, let the students react and explain thatTom cannot be 14 be-

cause "14" ends with "4" and not with "3" or

After some tries, the students should- conaude that Tom is one of these

numbers

=

Third clue

18 =

T: Put 1,000 on the display of your hand-calculator.

Press 11 ElD and so on.

Tom will appear on the display.

Let the students play with this clue for a while and watch the numbers

that dppedr Challenge_them with some questions. For

instance,



T: If I press Ei 100 times, what number will appear on the display?
Canlyou answer this,question without actually using your hand-

calulator?

S: 700 will appear on the display because

T:

S:

T:

S:

1, 000 - ( 100 x 3 ) = 1, 000 - 306 = 700.

And if I press 0 200 times?

400 will appear on the display because

1, 000 - ( 200 x 3 ) = 1, Oda -1 60( = 400.

And if I press 300 times?

100 will appear on the display because
1, 000 - ( 300 X 3 ) = 1, 000 - 900 = 100 .

_

441{41101

T: Now we know that 100 will appear on the display. Put 100 on the

display of your hand-calculator. Flide the display.

Press /0 -B El Ej (10 times ).

What thimber should be on the display?

S: 70.

T: Look and see if it's correct ; then hide the display again.

Press 10 times again. What number should be on the display?

0

S: 40.



0

T: Look dna see if it's correct. Then hide the display again.

Now press until orie of these numbers appears on the display:

3; 8; 13; 18. Then stop and tell me which is the number on the

display. ( 13 is the only possible answer.)

The students should conclude that Torn is 13.

1.14 Who Is Nock?

Give each student a hand-calculator.

T: The name of our secret number ilk,"Nock ".
.4'

First clue

Draw this picturc on the board

r=7:-Multiples of 5

101 106

Odd Numbers



T: Nock is in this string picture.

Let the students play with the clue. Encourage them to verbaliZe the

information they have about Nock:, (Nock is a positive multiple of 5, not

larger than 100, and odd. )

T: Can you name some numbers that Nock could be?

Can you name some numbers that Nock could not be?

The students ithould conclude that Nock is one of these numbers : 5 ; 15 ;

25 ; 35; 45 ; 55 ;. 65; 75 ; 85 ; 95.

Second clue

T: Start with 1,000 on the display of your calculator.

Press le Ej Ei and so on.
Nock will appear on the displa4.

Let the students observe the numbers that appear on the display. Encourage

them to verbalize any iCieas they have.

T: Start with 1,000 on the display of your calculator. Suppose I press

El and then 100 times. What number will appear on

the display?

S: 700 because 700 = 1,000 - (100 x 3 ).

T: Try to work this problem without the help of your calculator.
I

Now we have 700 on our display. SUppose I press 0 0 Sand
then 0 100 times. What number will appear on the display?

. la 1
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S: 400 because 400 = 700 - (100 x 3 ).

T:. Suppose I press El 100 iimes more. What number will appear?

Try to do this without using your calculator.

S: 100 = 400 (100 x .3 )

T: Now We have ido orrthe display of our calculators. Hide the display.-_

Press El u ID L..until you think 85 is on the display of your

calculator. How many times did you press ?

S:- Five times because 85 = 100 - (5 x 3).

-
T: -What is the next numbex in our list of numbers for Nock that will

appear?

S: ,---- 55.

T: How many times did you press E] ?

.)

S: 10 times because 55 = 85 - ( 10 x 3).

T: What is the next nuMber in our list to appear?

S: 25.

T: How many times did yOu press ?

S: 10 times because 25. = 55 - (10 x 3).

air

The students should donclude that Nock is-25, 55 or 85.

4
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Third clue

T: Do you remember what a square number is?

Let the students give examples of some numbers that are square and

some that are not square.

T: Now I will give you the third clue. Nock is not a square numbei\

Let the students work on their own. They should conclude that Nock is

55 or 85.

Fourth clv.e

Display one Minicomputer board.

T: Nock can be put on this Minicomputer board with less than 10

checkers (positive or negative ).

Ask the students to try to put 55 and 85 on the Minicomputer with, less than

10 checkers. After many tries some students will discover that 85 requires

at least 12 checkers ; i.e.,



Others will discover that 55 can be represented with 8 or 9 checket's';-

i. e ,

= 55 =
0

The students should conclude that Nock is 55.

3.15 Who Is Jig?

Give each student a hand-calculator.

T: The secret number is called " Jig".

First clue

,T: Start with 867 on the display of your calculator.

Pres s El EI [11 and so on.

Jig will appear on the display.

Let the students react to this clue and watch the numbers that appear on

the display. Encourage them to express their ideas about Jig. Challenge

them with some questions. For instance,

T: Could Jig be 793?

S: No. Jig could be 797 or 792 but not 793.

T: Could Jig be 897?



S: No. Jig is smaller than 867.

T: What is the smallest positive number that Jig could be?

S: 2.

Could Jig be a negative number?

S: Yes.

T: Give some examples of negative numbers that Jig could be.

S: -3; -8; -13; -18; . . .

Second clue

Draw the following picture on the board:

Odd Numbers Larger than 40

T: Jig is in this string picture.

LA_

Smaller.than 109 1

Let the students react to this new clue. Encourage them to verbalize the
new information they have about Jig. ( Jig is an even number, larger than
40 and smaller than '100. )

106



T: Can you give examples of numbers that Jig could be? Don't forget

our first clue.

After some discussion, the students should conclude that Jig is one of these

numbers : 42; 52; 62 ; 72; 82 ; 92.

Third clue

Display two Minicomputer boards.

T: Jig can be put on the Minicomputer with one positive checker on

the tens' board and two positive checkers on the ones' board.

Let the students put the numbers that Jig could be on the Minicomputer. It

is likely that 52 or 92 will be overlooked as numbers that Jig could be.

Keep in mind that :

52 AND 92

The students should conclude that Jig is one of these numbers : 42; 52;

82 ; 92.



Fourth clue

Draw this picture on the board :

51

x2

T: Jig is in this arrow picture.

Save the students label the dots :

72

The students should conclude that Jig is 82.
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3.16 Who Is Jag?

Give each student a hand-calculator.

T: The secret number is called "Jag ".

First clue

Draw this picture on the board:

T: Jag is a positive whole number and has exactly two positive divisors.

Can you give some examples of numbers that Jag could be and of

numbers that Jag could not be?

Give students enough time to explore this clue and give many example..

Jag could be 2, 3, 5, 7, 11, 13, 17, or any prime number.

Second clue

Draw the picture from the top of the next page an the board.

109



Even Numbers Larger than 30

Jag

Let the students play with this new clue. Encourage them to verbalize the
new information they have about Jag. ( Jag is 30 or less than 30, but Jag
is odd and hence cannot be 30. Thus, Jag is an odd number less than 30.)

T: Could Jag be 22?

S: No, because 22 is even and Jag is not.

T: Could Jag be 13?

S: Yes.

T: What is the smallest number Jag could be?

S: 3.

T: What is fife largest?

S: 29.

T: What else could Jag be?

110



: 3; 5; ; 1 ; 13; 17; ; 23; 29.

Write this list of numbers on the board.

Third clue

Displair.three Minitompuier boards.

1p-

T:. Jag cannot be put on the Minicomputer with two checkers (positive

or negative).

From the above list, ask the students to display on the Minicomputer the

numbers that Jag could not be (3; 5; 7 ; 11; 19 ) because they can be put

on the Minicomputer using exactly two checkers (positive or negative).

The students should conclude that Jag is 13, 17, 23 or 25'.

Fourth clue

Draw this picture on the board:

+ 10 12 II

111
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T: Jag is in this arrow picture.

Have the students label the dots :

+10 17

The students should conclude that Jag is 17.

1. 17 Who Is Jug?

Give each student a hand-calculator.

T: The secret number is called " Jug".

First clue

12

T: Press Ei Ej Ei and so on.

Jug win appear on the display.

-15

Let the students react to this clue and watch the numbers that appear on
the display. Encourage them to express their ideas about Jug. Challenge

them to predict numbers that Jug could be with questions subh as :

,
1,12 kft /



T: Could Jug be 302? (No); 296? (No); 615? (Yes); 598? (No);

901? (No); 1,000? (No)

Second clue

T: Clear your display and press and so on.

Jug will appear on the display.
a a

Let the students play with this new clue. Continue to encourage them to

verbalize their ,ideas about Jug. Again challenge them to make predictions

about Jug.

T: Could Jug be 48?

S: Y es.

Could Jug be 16?

S: No. 16 is a multiple of 4 but not of 3.

T: Could Jug be 27?

S: N . 27 is a multiple of 3 but not of 4.

T: What is the smallest number Jug could be?

S: 12.



A careful listing of numbers that Jug could be (12; 24; 36; 48; )

brings to light another pattern. Challenge the students to generate this
pattern an easier way using their calculators.

II

Third clue

0 0 0 and so on.

Draw this picture on the board:

Multiples of 10 Larger than 400

Jug

T: Jug is in this string picture.

Let the students react to this new clue. Let them verbalize their new
ideas about Jug as much as possible. Sometimes a few questions will
help. For example,

T: Could Jug be 48?

S: No. 48 is not a multiple of 10.

T: What about 120?

S: Yea.
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Give some other numbers 34 could be.

60; 240;, 360.
,

What is the largest number Jug_could be?

S: 360.
! -

T: And the smallest?

S: 60.

T: Jug is one of these numbers : 60; 120; 180; 240; 300; 360.

Fourth clue

Display three Minicomputer boards.

,67

T: Jug can be put on the Minicomputer with exactly three positive

checkers on the same square.

Let the students put the numbers that Jug could be on the Minicomputer.

The students should find that Jug is 60,120, 240 or 300.

,2115 120



T: Jug is in this arrow picture.
4.

Have the students label the dots :

1

SOO 3,000
.

3 1 0

The students should conclude that Jug is 300.

12.;
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3. 18 Who are Ko d Ku?

Give 'each studeni a hand-calculator.

T: The secret numbers are called "Ko" and "Ku".

First clue

Draw this picture on the board :

+6
T: Which number is smaller, Ko or Ku?

S: ,Ku.

T: No is how much more than Ku?

S: 20 more.

T: If Ku were 75, what would Ko be?

S: 95.

T: If Ko were 54, what would Ku be?

1 22,



t.

34.

Use questions of this nature until the pattern is clear.

,

Second clue

Ku is a positive divisor of 36.

. Let the students list the positive divisors of 36 on the board. [Answer :
1 ; 2; ; 4 ; 6;,9; 12; 18; 36 ]

Then recalling the first clue if necessary, let them list all the numbers
that Ko could be. [ Answer : 21-; 22 ; 23; 24 ; 26 ; 29; 32; 38 ;..56 ]

Third clue

T: Starf with 1, 000 on ihe display of your calculator.

'Press Ei a ffi and so on.

ko will appear on the display.

Let the students explore the patterns that will appear on the display. En-

courage them to verbalize any patterns they notice. Then ask:

T: Clear your display and enter 1, 000 again. Hide the display and

press E] Ej . . ten times.
Who can predict what number will be on the display?

S: 960.



Or"

T: Check and see if it's correct. Put the calculators aside. Suppose

I start with 1,000 and press El gi and then Ej 100 times.
What number will be on the display?

S: 600, because 1, 000 - (100 X 4) = 600.

T: Suppose I press EI 100 more times.
What number will be on the display?

S: 200, because 600 - (100 X 4 ) = 200.

T: Now we know that 200 will appear on the display.

Suppose we start with 200 and press Eland so on.

Can you give examples of numbers that will appear on the display?

Give students enough time to suggest many numbers.

T:' Will 100 appear on the display?

S: Yes, because 200 - (25 x 4) = 100.

T: Will 60 appear on the display?

S: Y es.

T: Will 50 appear oil the display?

S: No.

T: Will 0 appear on the display?
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5: Yes.

T: Starting from 0, how could we generate all the preceding numbers
that appeared on the display?

S: By pressing 111 Ej and so on.

T: What do you notice about all the numbers?

S: They are multiples of 4.

T: Look at the numbers we-have listed for Ko.

29; 32 ; 38; 56 )

Which of them are multiples of 4 and will appear on the display?

(21; 22; 23; 24; 26;

S: 24; 32 ; 56

The students should conclude that Ko is 24, 32 or 56 and that Ku is 4, 12 .

or 36.

Fourth clue

Draw this picture on the board:

Multiples of 6

120 .4... j



T: Ku is in this string picture.

Let the students react to this clue. Encourage them to discuss the new

information they have about Ku. ( Ku is a multiple of 6 ; Ku is not a

multiple of 9. ) The students should conclude that Ku is 12 and Ko is 32.

121


